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Abstract

A 3-year study was conducted on a Prentiss sandy

loam near Pheba, Mississippi to determine optimum

berseem clover (Trifolium alexandrinum L.) seeding rate

(SR) for dry-matter (DM) yield and nutrient uptake in

an annual clover–perennial bermudagrass [Cynodon

dactylon L. (Pers.)] sward, fertilized in April to October

with swine effluent. Seed of annual berseem clover

(cv. ‘Bigbee’) was drill-seeded in October at 4, 8, 12,

16, 20 and 24 kg ha�1 and harvested either twice in

April and May (spring) or once in May. Yield of clover

harvested twice was less than that harvested once

(5410 vs. 7566 kg ha�1), but N and P uptake were

greater in the double-harvest regime. Annual clover

responses to SR were described by quadratic trends.

Pooled across years and harvest regimes, the optimum

SR for DM yield was 16�5 kg ha�1 and for P, Cu and

Zn uptake, it was 15�7, 14�8 and 16�0 kg ha�1, respec-

tively. Bermudagrass DM yield decreased linearly as

SR increased by approximately 6�3 and 66�7 kg DM

kg seed�1 in double- and single-harvest regimes,

respectively. For clover–bermudagrass, the optimum

SR for DM yield was 14�0 kg ha�1, and for P, Cu, and

Zn uptake, it was 15�1, 14�6 and 15�3 kg ha�1, respec-

tively. A SR of 14�0–14�9 kg ha�1 and a first harvest

of clover in April appeared to optimize hay yields and

uptake of nutrients in clover–bermudagrass. Because

bermudagrass N requirement is usually met by swine

effluent irrigations, overseeding annual clover would

chiefly satisfy producer needs for early forage produc-

tion.
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Introduction

The waste management practice most often used for

confined swine (Sus scrofa domestica) operations in the

south-eastern USA is based on flushing to anaerobic

lagoons and irrigation of nearby cropland with the

effluent. Irrigation is usually based on farm-specific

waste-management plans that are designed to mini-

mize environmental impacts of nutrient loss, particu-

larly P. The cropping method of choice has become

hay of bermudagrass (Cynodon dactylon L.); however,

annual uptake of P and other nutrients is strongly

attenuated by its winter dormancy (Osborne et al.,

1999; Brink et al., 2005). Soil buildup of certain trace

elements, specifically Cu and Zn, has also been

reported when bermudagrass is fertilized with swine

lagoon effluent (Novak et al., 2004; Sistani and

McLaughlin, 2006). Due to the potential for increased

dry-matter (DM) yield and nutrient uptake by year-

round forage production, haying of winter cover crops

overseeded into bermudagrass has been proposed for

remediation or control of soil nutrient concentrations

(Rowe and Fairbrother, 2003; McLaughlin et al., 2005;

Read et al., 2011). The nutrients taken up by the crop

are removed when the hay is harvested.

Annual ryegrass (Lolium multiflorum L.) is grown

widely in the region because it is economical, adapt-

able to a broad range of soil and climatic conditions

and high in nutritive quality (Brink et al., 2001;

Lemus, 2009). Among the winter annual legumes,

berseem clover (Trifolium alexandrinum L.) is a high-

quality pasture and hay crop, having growth in

November–December (autumn) and March–June
(spring/early summer). It can perform well as a winter

cover crop because it is erect growing and begins to

flower in early May, when conditions are generally

favourable for hay curing. Berseem clover cv. ‘Bigbee’
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is a winter-hardy variety that produces longer in the

spring than other winter annuals (Knight, 1985). The

level of winter hardiness in ‘Bigbee’ gives it the same

range of adaptation as arrowleaf clover (Trifolium vesicu-

losum Savi) and crimson clover (Trifolium incarnatum L.)

(Graves et al., 1996). Dabney et al. (1991) evaluated

four legume cover crops in north Mississippi and

found ‘Bigbee’ remained vegetative until early May

and produced high biomass yield of approximately

7�16 t ha�1, comparable to the highest yield of 7�62
t ha�1 in crimson clover. Studies at a commercial

swine farm in north Mississippi reported total nutrient

uptake was equal (McLaughlin et al., 2005) or greater

(Rowe et al., 2006) in bermudagrass–berseem clover

than the more commonly used bermudagrass–ryegrass
cropping system. The timing and frequency for hay

harvests are also critical, as Rowe and Fairbrother

(2003) found changing from a one-harvest date to a

two-harvest date regime resulted in berseem clover

recovering 25% more P, 40% more Zn and 70% more

Cu than annual ryegrass. The heavy metals of envi-

ronmental concern, Zn and Cu, can accumulate in

soils receiving swine effluent due to higher rates of

application than removal in the harvested forage

(Novak et al., 2004; Sistani and McLaughlin, 2006).

Evidence of greater Zn and Cu uptake by legume than

grass forage on soil with history of poultry manure

(Brink et al., 2001) suggests that if soil accumulations

of Zn and Cu are of concern, a legume can extract

more of the respective elements than ryegrass.

As with all small-seeded legumes, seedling density

is critical to the establishment of healthy and produc-

tive stands of berseem clover (Wichman et al., 1991;

Ball et al., 2002). ‘Bigbee’ flowers later than most

annual clovers, but is a poor reseeder even when

allowed to mature (D. Lang, personal communica-

tion). Because reseeding is required each year and

berseem clover seed is more expensive than the

annual ryegrass, a disadvantage is high seeding costs.

The recommended seeding rates (SRs) for forage and

hay production in the south-eastern USA are

9–18 kg ha�1 pure live seed (PLS) drill-seeded and

22�4 kg PLS ha�1 for broadcast-planted (Ball et al.,

2002). The recommended SR in Mississippi is

11�2 kg ha�1 drilled into a prepared seed bed (Kimb-

rough and Knight, 1976). Based on the price of ‘Big-

bee’ seed in autumn 2011 of approximately $US

8�82 kg�1 (Adams-Briscoe Seed Co., Jackson, GA,

USA), costs for sowing a hectare are from $97�02 to

$158�76 at SR of 11 to 18 kg ha�1, respectively. When

grown for hay in a nutrient-recycling forage system,

the amount of biomass harvested in spring is of inter-

est and not autumn–winter grazing (Newton et al.,

2003). This change in emphasis to a longer growing

season without grazing by livestock lowers the

seedling density requirement for stand establishment

and productive growth. Additionally, the risk of low

SR to crop yields from poor seedling establishment can

be lessened on swine farms due to their ability to irri-

gate with effluent after seeding in autumn to improve

plant growth. The objectives of this research were to

determine the optimum SR for berseem clover har-

vested in two regimes for DM yield and uptake of N,

P, Cu and Zn and to determine any residual effects of

clover SR and harvest management on DM yield and

nutrient uptake by perennial bermudagrass.

Materials and methods

This 3-year study (2004–2006) was conducted at a

commercial swine farm near Pheba, Mississippi (lat.

33�59 N, long. 88�95 W) on a soil mapped as a Prentiss

sandy loam (coarse-loamy, siliceous, semiactive, ther-

mic Glossic Fragiudults, Ultisols) with 2–5% slope

(USDA-NRCS, 1976). Rainfall records in the vicinity of

the experimental field were obtained from the National

Weather Service (Figure 1). In the previous 10 years,

the producer fertilized common bermudagrass sod

using centre-pivot irrigation that pumped swine efflu-

ent from single-stage anaerobic lagoons. The field was

irrigated from April to October of each year

with approximately 6�0 cm each season (McLaughlin

et al., 2005). The effluent had nominal nutrient

concentrations of 300–420 mg N L�1 and approxi-

mately 60 mg P L�1, 0�06 mg Cu L�1 and 0�22 mg Zn

L�1. In the effluent, the N was approximately 84%

NH4/NH3 and the P was 80% water-soluble ortho-P

(Read et al., 2008). The mean annual fertilization rates

were approximately 435 kg N ha�1, 76 kg P ha�1, 35 g

Cu ha�1 and 128 g Zn ha�1 (Sistani and McLaughlin,

Figure 1 Total monthly rainfall and 30-year average monthly

rainfall (1981–2010) recorded by the National Climatic Data

Center in the vicinity of the experimental plots (Tibbee, MS,

CoopID 228792, approximately 36 km east-southeast of the

experimental location).
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2006). Timing and amounts of effluent were deter-

mined by the farm manager, considering forage needs

and requisite drawdown of lagoon effluent. The exper-

imental site was located under one section of the

centre-pivot system. In 2003, the existing bermuda-

grass sod was cleared of weeds or senesced material by

mowing to 4-cm stubble height on 9 July, 30 August

and 14 September and removing the forage.

Experimental plots were 2 by 4 m, and adjacent

blocks were separated by a 2-m alley. The berseem

clover treatments, consisting of six SR and two harvest

regimes (described below), were arranged in a random-

ized complete block design with four replicates, giving

48 experimental plots. Each year, a new randomization

of treatments was applied to the plot area. By this

procedure, plot performance did not reflect any cumu-

lative effects of treatments over more than 1 year. The

plot area was prepared for planting by mowing the

bermudagrass to a height of 2�5 cm and removing the

herbage. Seed of ‘Bigbee’ berseem clover was inocu-

lated with ‘R culture’ rhizobia (Rhizobium leguminosa-

rum biovar trifolii) just before planting. Seed was

drilled in nine rows spaced 20 cm apart in late October

2003–2005 at 4, 8, 12, 16, 20 and 24 kg ha�1 PLS

using an ALMACO (Nevada, Iowa) heavy-duty grain

drill equipped with depth bands (~12 mm) on each

seeding unit. Based on a test weight of 456 435 seeds

kg�1, comparable to the average reported by Graves

et al. (1996), the SR resulted in 40�6, 81�1, 121�7,
162�3, 202�9 and 243�4 PLS per m of row, respectively.

Percentage seedling emergence was determined by

counting the number of plants per m of row at three

locations in each plot and dividing the average by the

number of seeds drilled per m of row. These measure-

ments were obtained approximately 60, 30 and 90 d

after planting in 2003, 2004 and 2005, respectively.

The two harvest management regimes were two cut-

tings of annual clover on about 20 April and 15 May

and one cutting on about 15 May, hereafter referred to

as the double-harvest regime and single-harvest

regime, respectively. All harvesting was done using a

sickle-bar mower. First harvests in April were made at

a cutting height of 9 cm to enable regrowth of the

annual clover, whereas all subsequent harvests of clo-

ver in May and bermudagrass in summer were at a

cutting height of 5 cm. For the single-harvest regime,

most clover plants were at early-flowering stage of

development, a period in hay production that repre-

sents a compromise between increasing herbage yield,

decreasing protein content and decreasing digestibility

(Joost and Chaney, 1988; Graves et al., 1996). The

experimental plots of bermudagrass were harvested

three times in 2004 (on 6 July, 5 August and 21 Sep-

tember), twice in 2005 (on 21 July and 13 September)

and twice in 2006 (on 17 July and 3 October).

At each harvest, fresh weight yields were recorded

for 1- by 4-m swaths cut through the centre of each

plot. Forage from the April and May harvests in

2005 was a mixture of berseem clover chiefly and

annual ryegrass, and no attempt was made to sepa-

rate these components. This occurrence of annual

ryegrass was presumably due to above average rain-

fall in spring 2005 (Figure 1). Forage samples of

0�6 kg each were collected in muslin bags, dried at

65°C for 72 h, weighed to determine DM yields for

each plot and ground in a Wiley mill to pass a 1-mm

screen. Subsamples (~50 g) of the ground forage

were stored at room temperature in sealed, plastic

vials for subsequent nutrient analysis. Total N con-

centration was determined from duplicate samples

using an automated dry combustion analyzer (Model

NA 1500 NC, Carlo Erba1, Milan, Italy). Herbage P,

K, Cu and Zn concentrations were determined by

ashing duplicate, 0�8 g subsamples in a ceramic cruci-

ble at 500°C for 4 h. The ash was dissolved first in

1�0 mL of 6 M HCl for 1 h, followed by 50 mL of a

double-acid solution of 0�0125 M H2SO4 and 0�05 M

HCl, and the mixture was allowed to stand for 1 h

before being filtered through Whatman no. 1 paper.

The four nutrient elements were measured by emis-

sion spectroscopy on an inductively coupled, dual

axial Argon plasma spectrophotometer (ICP-OES,

Thermo Jarrel Ash ICP, Iris Advantage ICP, Hough-

ton, MI, USA) (Donohue and Aho, 1992). Certified

plant material was used in acid digestion and ICP

analysis to verify the quality of the data. Nutrient

uptake (kg ha�1) was calculated as the product of

DM yield and mineral concentration for each plot at

each harvest date in 2004–2006.
Treatment effects on DM yield and nutrient uptake

were tested using data for berseem clover harvested

once, summed data for berseem harvested twice and

summed data for bermudagrass harvested in summer.

Total DM yield and nutrient uptake were also calcu-

lated by aggregating across sequential harvests (clover

+ bermudagrass) within each year. Data were analysed

within and across years using MIXED program from

Statistical Analysis Systems (Littell et al., 1996; SAS

Institute Inc, 1999) on a data set that was balanced

and complete. In these models, block and year were

random effects, and clover harvest regime and SR

were fixed effects. A probability level of P � 0�05 was

significant and treatment means were compared using

Fisher’s protected least significant difference (LSD)

test. To estimate the optimum clover SR for DM yield

and nutrient uptake, regression parameters were esti-

mated using mixed model analysis with covariates (i.e.

fitting a polynomial regression over seeding rate) for

the harvest data from the 3-year trial (n = 144). The

random variables in these models were year and block
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within year. The F test was used to detect difference

in linear and quadratic regression parameters (trends)

between the double-harvest and single-harvest

regimes. When the trend had a significant quadratic

regression parameter, the optimum clover SR (inde-

pendent variable) was determined by solving for the

1st derivative, calculated as �b1/2(b2), where b1 and

b2 are the linear and quadratic regression coefficients,

respectively. The 1st derivative of an exponential

function gives the point on a relationship where the

rate of change in the response variable is zero. Model

results are presented for data averaged across 3 years

(2004–2006) and, where appropriate, results of statisti-

cal tests for a difference in trends between years are

discussed based on contrasts (linear and quadratic)

within the double-harvest and single-harvest regimes

of berseem clover.

Results

Clover seedling emergence

Percentage seedling emergence was approximately 19,

30 and 42% in 2003, 2004 and 2005, respectively

(Table 1). Low seedling emergence in autumn 2003

was not associated with low DM yield or P uptake of

annual clover in spring 2004, except at the lowest SR

of 4 kg ha�1 for the single-harvest regime (Figure 2).

In autumn 2004, the apparent reduction in percentage

seedling emergence as SR increased was probably

related to a short, 30-d-time interval between the

planting and sampling dates (Table 1).

Forage yields

Annual clover DM yields were 2156 kg ha�1 greater in

the single- than the double-harvest regime (Table 2).

Droughty conditions apparently limited recovery

growth after the first cutting in April, as rainfall near

the site was below average in March of each year and

in April 2004 and 2006 (Figure 1). With low rainfall

recorded also in March–May of these years, clover

growth at the second harvest was either virtually

absent and unharvestable (2004) or greatly reduced

(2006). When data were pooled across years and har-

vest regimes, a quadratic trend described the response

of annual clover DM yield to SR, and the trends were

similar statistically in both harvest regimes (Table 3,

Figure 2). Based on the 1st derivative of this poly-

nomial function, the optimum SR for berseem DM

yield was approximately 16�5 kg ha�1. The F test for

difference between years in the linear coefficient and

quadratic coefficient (each with 2 degrees of freedom)

had P = 0�19 for the double-harvest regime and

P = 0�14 for the single-harvest regime (not presented),

indicating regression parameters for each harvest

regime were consistent across years.

Bermudagrass DM yields were 1146 kg ha�1

greater in the double- than single-harvest regime of

annual clover (P < 0�01) (Table 2). The harvest regime

effect was significant each year and had a 5% LSD

value (n = 24) of 786 kg ha�1 in 2004, 1138 kg ha�1

in 2005 and 442 kg ha�1 in 2006. The clover harvest

regime 9 SR regression interaction effect was signifi-

cant in both the reduced (P < 0�05) and full regression

models (P < 0�10) (Table 4). When data were pooled

across years, DM yields decreased linearly as clover SR

increased by approximately 6�3 kg DM kg seed�1 for

the double-harvest regime and 66�7 kg DM kg seed�1

for the single-harvest regime (Figure 3). Due to these

linear trends, the optimum clover SR for bermudagrass

DM yield was the minimum SR, and yields predicted

at the lowest SR of 4 kg ha�1 were approximately

12 357 and 11 815 kg ha�1 for the double- and

single-harvest regimes, respectively.

Total DM yields (clover + bermudagrass) were

1010 kg ha�1 greater in the single- than double-

harvest regime (Table 2). Apparently, increased DM

Table 1 Seedling density and percentage seedling emergence of ‘Bigbee’ berseem clover overseeded into common bermuda-

grass at six rates in autumn 2003, 2004 and 2005. Values represent the average of four replicate plots in each of two harvest

management regimes imposed in spring 2004, 2005 and 2006.

Seeding rate

(kg ha�1)

Seedling density (plants per m of row) Seedling emergence (%)

2003 2004 2005 2003 2004 2005

4 8�5 e* 16�6 d 16�7 f 21�1 a 41�0 a 41�2 a

8 16�1 d 28�2 cd 34�0 e 19�9 a 34�7 ab 42�0 a

12 24�1 c 39�8 bc 54�2 d 19�8 a 32�7 abc 44�5 a

16 33�9 ab 41�4 bc 64�9 c 20�9 a 25�5 bc 40�0 a

20 32�1 b 48�0 ab 88�7 b 15�8 a 23�6 c 43�7 a

24 40�1 a 61�8 a 103�4 a 16�5 a 25�4 bc 42�5 a

*Means (n = 8) within a column followed by the same letter do not differ significantly at the 5% level of probability.
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yield of bermudagrass in the double-harvest regime

did not offset less berseem clover yield, so total DM

yield was least in the double-harvest regime in 2004

and 2005. The response of total DM to clover SR was

described by a quadratic trend (data not presented)

and the optimum SR for total DM yield was approxi-

mately 14�0 kg ha�1, giving a 2�5 kg ha�1 lower SR

than observed for the annual clover harvests only.

Nutrient uptake

Berseem clover P concentrations were consistently

greater in double- than single-harvest regime (Fig-

ure 2), reflecting the harvest of younger plant material.

So despite low DM yields of clover harvested twice, P

uptake was significantly greater than clover harvested

once; analysis of variance tests indicated 18% greater

P uptake in 2006 (13�6 vs. 16�0 kg ha�1; P < 0�01)

Figure 2 Relationships between forage dry-matter yield, P uptake and herbage P concentration in ‘Bigbee’ berseem clover and

seeding rate of berseem clover harvested twice in spring (April + May) and harvested once in May of 2004, 2005 and 2006. Val-

ues within each year represent the mean of four observations. The polynomial regression parameters are based on analysis of

data pooled across harvest regimes and years (n = 144).
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and no significant difference in P uptake between

harvest regimes in 2004 and 2005. Similar to P, clover

N uptake averaged 26% greater in the double- than

single-harvest regime (Table 3), and the largest differ-

ence of approximately 36 kg ha�1 was observed in

2006.

Table 2 Forage dry-matter yield (kg ha�1) of ‘Bigbee’ berseem clover, common bermudagrass and the summation of these

two components averaged across six seeding rates of berseem clover overseeded in autumn and cut in spring as a double-har-

vest regime of berseem in April and May and as a single-harvest regime of berseem in May of 2004–2006. All the plots were

fertilized with swine effluent from April to October.

Year

Berseem clover Bermudagrass Total dry matter

Double Single Double Single Double Single

2004 4892 b* 7598 a 14 021 a 12 807 b 18 913 b 20 406 a

2005 6603 b 9805 a 16 568 a 15 236 b 23 172 b 25 041 a

2006† 4735 b 5294 a 6293 a 5402 b 11 028 a 10 696 a

Average 5410 b 7566 a 12 294 a 11 148 b 17 704 b 18 714 a

*Within a year and a component of the multicrop forage production system, means followed by the same letter do not differ sig-

nificantly at the 5% level of probability. †Drought year.

Table 3 Regression parameter estimates for berseem clover dry-matter (DM) yield and nutrient uptake response to six ber-

seem clover seeding rates (SRs) averaged across 2004–2006 with harvest-regime-specific adjustments to the Y-intercept, b0.

Response

variable

(kg ha�1)

Harvest regime (b0)

b0 effect SR (b1) SR2 (b2)

1st

derivative †Double Single

DM yield 3825�29 5981�05 ** 237�85 * �7�19 ** 16�54
N uptake 106�87 85�07 ** 6�667 ** �0�205 ** 16�26
P uptake 14�76 13�20 * 0�685 NS �0�0218 ** 15�67
K uptake 165�70 172�50 NS 11�323 ** �0�336 ** 16�82
Cu uptake 22�44 33�52 ** 1�934 NS �0�0651 * 14�85
Zn uptake 106�41 75�06 NS 3�584 NS �0�1117 * 16�04
*,**Based on Type 1 sums of squares in the reduced model, the effect of harvest regime (Y-intercept, b0), linear regression coef-

ficient or quadratic regression coefficient are significant at P < 0�01 and P < 0�05, respectively; otherwise, not significant (NS).

†1st derivative of the polynomial function, where the rate of change in the response variable is equal to zero, was evaluated as

b1/(2 9 b2).

Table 4 Regression parameter estimates for common bermudagrass dry-matter (DM) yield and nutrient uptake response to six

berseem clover seeding rates (SRs) and SR by harvest regime interaction for data averaged across 2004–2006 with harvest-

regime-specific adjustments to the Y-intercept, b0, and the coefficient of linear regression, b1.

Response

variable

(kg ha�1)

Harvest regime (b0)

b0 effect

SR (b1)†
Harvest

regime by SRDouble Single Double Single

DM yield 12 382 12 082 * �6�28 �66�72 *

N uptake 246�38 249�00 * �0�114 �0�951 NS

P uptake 31�54 30�60 * �0�0209 �0�0204 NS

K uptake 262�98 256�67 * �0�378 0�836 NS

Cu uptake 46�54 50�47 t �0�0278 �0�0434 NS

Zn uptake 178�61 165�74 * �0�447 �0�069 NS

*,t Based on Type 1 sums of squares in the reduced model, the effect of harvest regime (Y-intercept, b0), seeding rate (SR, b1),

and harvest regime by SR regression interaction are significant at P < 0�05 and P < 0�10, respectively; otherwise, not significant (NS).

†Unlike berseem clover (see Table 3), the quadratic term for seeding rate, SR2 (b2), was not found to contribute significantly to

the model fit and was therefore excluded from the final model.
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In berseem clover, nutrient uptake responses to

SR were described by quadratic trends that did not

differ statistically between harvest regimes (Table 3;

Figure 2). The best SR for N, P, K, Cu and Zn uptake

was approximately 16�3, 15�7, 16�8, 14�8 and 16�0 kg

ha�1, respectively, giving an overall average of 15�9 kg

PLS ha�1. The F test for year 9 SR trend interaction

had P < 0�05 for P, K and Zn uptake in the double-har-

vest regime and had P < 0�10 for Cu uptake in the sin-

gle-harvest regime, suggesting the need for different

quadratic regression parameters in each year. Values

for P uptake at the optimum clover SR of 15�7 kg ha�1

were approximately 20�0 and 18�5 kg ha�1 in the dou-

ble- and single-harvest regimes, respectively (Figure 2).

In bermudagrass and unlike its forage yield

response to SR, the responses of N, P, K, Cu and Zn

uptake were not described by a linear function and

the harvest regime 9 SR regression interaction effect

Figure 3 Relationships between forage dry-matter yield, P uptake and herbage P concentration in common bermudagrass and

seeding rate of ‘Bigbee’ berseem clover harvested twice in spring (April + May) or once in May of 2004, 2005 and 2006. Values

within each year represent the mean of four observations. The linear regression parameters are based on analysis of data pooled

across harvest regimes and years (n = 144).
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was not significant (Table 4; Figure 3). Based on

Y-intercept (b0) values, P, K and Zn uptake were sig-

nificantly greater in the double- than the single-har-

vest regime, whereas, an opposing trend for treatment

difference in Cu uptake had P = 0�06. The analysis of

variance across years and SR indicated P uptake aver-

aged 31 and 30 kg ha�1 in the double- and single-har-

vest regimes, respectively. Among the five nutrients

analysed, bermudagrass P concentration was the only

one with a significant linear response to clover SR

(P = 0�011; Figure 3) and a significant harvest regime

9 SR regression interaction effect (P = 0�018) (data

not presented). These results, which indicated forage P

concentrations averaged higher and increased faster as

clover SR increased (P < 0�05) in the single- than dou-

ble-harvest regime (0�015 vs. 0�006 g P kg DM�1 per

kg seed ha�1), and the larger negative trend in bermu-

dagrass DM yield for single-harvest regime (Table 4),

would support the lack of difference in P uptake

between harvest regimes. With regard to bermuda-

grass Zn uptake, analysis of variance across years and

SR indicated higher average values for the double-

than single-harvest regime (151�9 vs. 143�7 kg ha�1;

LSD = 7�7).
Total uptake of N, P and Cu was greater in the

double- than the single-harvest regime of berseem clo-

ver (P < 0�01) (data not presented). For total uptake

of N, P and K, each of the responses to clover SR was

described by a quadratic function; however, the linear

coefficient was significant for K uptake only. The best

clover SR for total N, P, K, Cu and Zn uptake was

approximately 14�7, 15�1, 17�4, 14�6 and 15�3 kg ha�1,

respectively, giving an overall average of 15�4 kg ha�1.

These observations indicated the optimum SR for total

nutrient uptake was lower than for annual clover

nutrient uptake by approximately 1�6, 0�6, 0�2 and

0�7 kg ha�1 for N, P, Cu and Zn, respectively.

Discussion

Because seeding method and soil type were constant,

the amount and distribution of autumn rainfall were

probably the most important factors determining seed-

ling density of berseem clover. The use of this small-

seeded annual legume as a winter cover crop will

require cultural practices that ensure successful stand

establishment (Wichman et al., 1991; Ball et al., 2002).

In general, a full stand of clover is anything greater

than 129 plants m�2 (Barnhart, 2008), which in the

present study is equivalent to 25�8 plants per m of

row. Based on this figure, a 62–65% stand was

recorded for a seeding rate of 8 kg ha�1 in 2003 and

4 kg ha�1 in 2004 and 2005 for data averaged across

harvest regimes (Table 1); however, average DM

yields for these clover stands were similar to values

observed at higher seeding rates (P > 0�40, see Fig-

ure 2). These results are consistent with the seeding

rate study of Wichman et al. (1991) and illustrate the

ability of berseem clover to compensate for inter-row

plant density; the widely spaced plants ‘filled in’

through additional tillering and spreading of root

crowns (Ball et al., 2002). Therefore, low seedling den-

sity does not necessarily mean low productivity, and

an excessive seeding rate that prevents such compen-

sation by plants may not be economical.

Annual clover DM yield differed markedly

between years, probably because of high variability in

the second harvest of the double-harvest regime. High

DM yields observed in 2005 were associated with

December–May rainfall of 762 mm, which is compa-

rable to long-term rainfall for this period of 778 mm

(Figure 1). Rainfall in winter 2006 also appeared

favourable for high DM yields, although clover yields

remained significantly less in the double- than single-

harvest regime (4735 vs. 5294 kg ha�1). In a Mississippi

study, McLaughlin et al. (2005) harvested ‘Bigbee’

berseem clover twice in spring and reported DM

yields in the range of 3000 to 4200 kg ha�1, some-

what lower than the range observed in the present

study. The Mississippi Natural Resources Conservation

Service Practice Standard 359 stipulates that the

timing of nutrient application should correspond as

closely as possible with plant nutrient uptake (Missis-

sippi NRCS, 2000). Accordingly, effluent is typically

applied between April and September when bermuda-

grass is growing actively. Because irrigation is possible

with an actively growing winter cover crop, decreased

growth of clover in spring due to low soil moisture

may be less of a concern on swine effluent applica-

tion sites.

Harvesting clover once maximized clover DM yields

and total (clover + bermudagrass) DM yields in 2004

and 2005; whereas, harvesting clover twice maximized

uptake of P and Zn. For data pooled across years, qua-

dratic trends described the relationship between clover

SR and clover DM yield, and the yields predicted at

the optimum SR of 16�5 kg ha�1 were approximately

5792 and 7948 kg ha�1 for the double- and single-

harvest regimes, respectively. These results contrast

with Rowe and Fairbrother (2003) for ‘Bigbee’ drilled

into dormant bermudagrass at a SR of 16�8 kg ha�1.

In that study, DM yields were usually highest for a

two-cut system on 1 April and 1 June (aver-

age = 9240 kg ha�1) and least for a one-cut system on

1 June (average = 8440 kg ha�1). Differences between

studies in harvest regime effects are probably related

to a shorter (~30-d) harvest interval for the double-

harvest regime in the present study.

While an optimum SR of 16�5 kg ha�1 is high

within the recommended range of seeding rates,
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9–18 kg ha�1 (Ball et al., 2002), the use of higher SR

in dormant bermudagrass sod was clearly advanta-

geous to growth of ‘Bigbee’ berseem clover. Seeding

rate recommendations are subject obviously to loca-

tion variation (Ball et al., 2002) and usually include

fertilizer applications according to a pre-plant soil test,

which was not determined in the present study. In

irrigated and rainfed trials in Montana, Wichman et al.

(1991) evaluated two-cut systems by drilling ‘Bigbee’

on fallow land in May at rates of 2�25, 4�5, 6�75, 9�00
and 11�25 kg PLS ha�1 and row spacings of 15, 30 and

60 cm. They reported a 99% increase in DM yield at

the first harvest as seeding rate increased across the

three row spacing, no significant effect of seeding rate

at the second harvest, and no difference in DM yield

for the three highest seeding rates.

Berseem clover harvest frequency and seeding rate

also were critical to growth of perennial bermudagrass.

Cumulative DM yields in summer were 9–16% greater

in the double-harvest than single-harvest regime,

depending on study year. Additionally, DM yields

increased linearly as clover SR decreased, and the

regression coefficient for this relationship was approxi-

mately 10-fold less in the double- than single-harvest

regime. While these results indicated the minimum clo-

ver SR of 4 kg ha�1 was best for bermudagrass DM

yield, they suggest forage management practices to

enable high hay yields in summer can consider increas-

ing the clover SR if the winter cover crop is harvested

twice in spring, but not if it is harvested once. Similar

to the present study, Rowe et al. (2006) reported over-

seeded berseem clover harvested once on 1 June

decreased bermudagrass DM yield by approximately

1720 kg ha�1, as compared to clover harvested twice,

on 15 April and 1 June. Growth of the winter cover

crop with a closed canopy is expected to limit radiant

heating of soil surface and shaded bermudagrass stub-

ble is not expected to break dormancy (Ball et al.,

2002). It is speculated that harvesting clover in mid

April, combined with the usually poor second harvest

in May, opened the canopy during a critical period

resulting in breaking of dormancy in bermudagrass.

Spring ‘greenup’ in bermudagrass is an active period of

growth and nutrient utilization. For instance, a Missis-

sippi study fertilized common and ‘Coastal’ bermuda-

grass with swine effluent and harvested herbage

weekly over 60 d in the spring (May–June) and

summer (July–August) (Brink et al., 2005). For these

season-specific harvest treatments, bermudagrass DM

yields and uptake of N, P and K followed a linear trend

across the spring harvest dates and a quadratic trend

across the summer harvest dates, and maximum

uptake of nutrients was greatest in spring. In the

present study, evidence of lower optimal SR values for

total uptake of N, P, Cu and Zn than for the clover

harvests only may reflect the competitive effects of ber-

seem clover on bermudagrass growth and nutrient

uptake. In contrast, the best SR for total K uptake

exceeded the optimum SR for berseem K uptake by

approximately 0�6 kg ha�1, suggesting increased

ground coverage of clover improved K concentration,

biomass or both of these attributes in the harvested

forage.

Increased uptake of N and P by berseem clover

harvested twice each spring was associated with

higher tissue nutrient concentrations rather than

higher DM yields. These results are consistent with

evidence that frequent cuttings of berseem clover

enable high nutritive value (i.e. higher leaf–stem ratio

and digestibility) and less frequent cuttings enable

high DM yields (Joost and Chaney, 1988). Averaged

across years and seeding rates, herbage P was approxi-

mately 3�5 and 2�4 g kg�1 in the double- and single-

harvest regimes, respectively. Brink et al. (2001)

reported P concentrations of berseem clover harvested

at full bloom of 2�3–2�6 g kg�1, and Wichman et al.

(1991) reported values of 2�5–3�0 g kg�1 in herbage

harvested twice. Values for P uptake in the present

study generally support Rowe and Fairbrother (2003)

although they reported somewhat greater values of

22�2 kg ha�1 for a single harvest on 1 June and

29�5 kg ha�1 for the combined harvests on 15 April

and 1 June. In the present study and at the optimum

SR of 15�7 kg ha�1, P uptake was approximately

18�5 kg and 20�0 kg ha�1 in the single- and double-

harvest regimes, respectively. Moreover, mean values

for P uptake (n = 4) were usually less than 24 kg ha�1

(Figure 2). Also in contrast to Rowe and Fairbrother

(2003), the present study found no significant effect of

harvest management on uptake of K and Zn by ber-

seem clover.

Bermudagrass achieved the highest P uptake of

approximately 44 kg ha�1 in 2005, as compared to

30 kg ha�1 when data were averaged across years.

Various studies have reported bermudagrass can

remove 50–60 kg P ha�1 year�1 depending on biomass

yield and tissue P concentration, which are influenced

by a number of factors, including the rate and timing

of effluent applications (Brink et al., 2005; Read et al.,

2008). In a study on spring N fertilization of three

winter cover crops overseeded into bermudagrass that

was fertilized in summer with 258 kg N ha�1 in swine

effluent, Read et al. (2011) reported significantly

higher P uptake in the berseem clover and winter fal-

low treatments (average = 22�6 kg ha�1) than plots

overseeded with annual ryegrass or cereal rye (Secale

cereale L.) (average = 19�6 kg ha�1).

Reflecting the negative response of bermudagrass

to clover SR, lowering the SR by approximately

0�6 kg ha�1 would probably maintain DM yields in
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summer without greatly reducing total P uptake.

Results indicated a similar reduction in clover SR for

best total uptake of Cu and Zn by berseem clover–ber-
mudagrass. A reduced seeding rate is generally of most

benefit to the grower when the bermudagrass hay

produced has high value. Though soil N was not mea-

sured, berseem clover is known to produce substantial

quantities of N through symbiotic N activity (Williams

et al., 1990) and some of this N would likely improve

production and/or quality of bermudagrass. In a 2-

year study on spring N fertilization of winter annual

forages, Read et al. (2011) reported bermudagrass DM

yield increased as N rate increased in 2000, when just

3�6 cm of effluent (equivalent to 258 kg ha�1) was

applied due to below-normal lagoon levels. Addition-

ally, both Read et al. (2011) and McLaughlin et al.

(2005) observed DM yields were numerically greater

in bermudagrass–berseem clover, as compared to ber-

mudagrass-winter fallow treatment. Nevertheless,

much of the symbiotic N would likely remain in soil,

because N in the applied effluent usually meets forage

bermudagrass annual N requirement of 200–400 kg N

ha�1 at moderate-to-high production levels, respec-

tively (Osborne et al., 1999; Read et al., 2008). There-

fore, overseeding berseem clover would chiefly satisfy

producer needs for early forage production. Knight

(1985) reported ‘Bigbee’ is more productive in autumn

and winter than other winter annual clovers except

‘Tibbee’ crimson clover. In addition, ‘Bigbee’ continues

to produce forage until late May or early June. Spring

haying can be problematic, because intermittent cool

temperatures and rains will slow curing of the hay, as

compared to herbage harvested later in the season. At

this location in NE Mississippi, 20 April is the earliest

that most winter annuals can be harvested and safely

preserved. Haylage is an alternative that enables ear-

lier spring harvests and would, based on results of the

present study, favour increased P uptake in annual

clover and clover–bermudagrass biomass.

The practice of overseeding berseem clover, a cool-

season annual clover, into bermudagrass has several

advantages for growers, including the removal of

nutrients from soil during winter when bermudagrass

is dormant, an earlier hay harvest in spring, and pro-

duction of high-quality hay (McLaughlin et al., 2005;

Rowe et al., 2006). Because annual clover SR influ-

enced the total quantity of hay produced per ha, the

use of an optimum SR supports waste management

plans on commercial swine farms, where crop removal

for a certain yield goal is used in making manure

application decisions. The best practice to optimize

total dry-matter yield appeared to be a clover SR of

14�0 kg ha�1 and a double-harvest regime, with the

first cutting in mid April. Additionally, harvesting

annual clover twice increased total N and P uptake

and slightly increased total Zn uptake. A clover SR of

14�9 kg ha�1 appeared to be a best management prac-

tice when using berseem clover–bermudagrass for

year-round management of the environmentally

sensitive nutrients, N, P, Cu and Zn. Because clover

seeding rates for optimal clover–bermudagrass hay

production were 2�8 to 3�7 kg ha�1 higher than the

recommended 11�2 kg ha�1 rate for conventional

clover seedings in Mississippi (Kimbrough and Knight,

1976), our results suggest additional input costs for

safe and effective use of swine effluent on berseem

clover–bermudagrass stands.
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